Chemotherapy induced-hepatotoxicity is one of the prevalent problems among cancer patients, with a wide spectrum of complications from liver dysfunction to liver necrosis. Therefore, in this study, we review the research findings on the effects of medicinal herbs and herbal compounds on the hepatotoxicity induced by anticancer drugs. The words hepatotoxicity and hepatoprotective along with the words cancer drug or chemotherapy in combination with some herbal terms such as medicinal plant, phyto* and herb* were used to search for relevant publications indexed in the Institute for Scientific Information (ISI) and PubMed. Available evidence shows that certain medicinal plants and herbal derivatives can reduce cancer drug-induced hepatotoxicity and protect liver cells against complications by regulating hepatic enzymes and increasing antioxidant enzyme activities. Some herbal formulations, including traditional Chinese medicine, have also been reported to exhibit such effects. Medicinal plants can exert anti-hepatotoxicity effects mainly by increasing antioxidant activity, inhibiting inflammatory processes, and reducing cell necrosis induced by anti-cancer drugs. Phytotherapy can be used as an effective complementary treatment for anticancer drug-induced hepatotoxicity and prevent various complications in the liver.
Introduction
With the spread of industrialization, cancers are one of the major causes of death in the world, with approximately 14 million new cases and 8.2 million cancer-associated deaths in 2012 (1) . Anticancer drugs may cause hepatotoxicity alone or due to interaction with other drugs, which is transient in some cases, or leads to liver tissue damage and threatens the life of the individual in other cases Horizon e-Publishing Group ISSN: 2348-1900 (2, 3) . Certain classes of chemotherapeutic agents such as alkylating agents, anti-metabolites, antitumor antibiotics, isomerase inhibitors and mitotic inhibitors, hormone therapy and immunotherapy cause hepatotoxicity (2) . Sinusoidal obstructive syndrome (SOS), steatosis, pseudocirrhosis, acute hepatitis and necrosis are conditions that correlate with liver abnormalities in patients being treated with chemotherapy and lead to abnormal liver test results (4, 5) . However, the hepatotoxicity mechanism is still unclear (5) . Although the use of hepatoprotective agents in oncology is beneficial, no documented evidence exists for their clinical use (6). Traditional and complementary medicine (TCM) approaches (Such as aromatherapy, hypnotherapy, yoga, massage therapy, use of medicinal plants, etc.) have been used to prevention and treatment diseases (7-13), where the herbal-based medicines were the most commonly used form of TCM (14-20). They have little to no side effects compared with synthesis drugs. Various studies have shown that medicinal herbs can be effective, inexpensive, and efficient treatments for various diseases, including against toxicity (21-30). Hepatoprotective agents seem to be useful in the oncologic setting, yet they are still not widely documented for clinical usage (6). Therefore, this article reviews research findings on the effects of medicinal plants and plant compounds on anticancer drug-induced hepatotoxicity.
Search strategies
The key words of interest and Endnote software were used to conduct this review. The key words hepatotoxicity and hepatoprotective along with the words cancer drug or chemotherapy in combination with some herbal terms such as medicinal plant, phyto*, and herb* were used to search for relevant publications indexed in the Institute for Scientific Information (ISI) and PubMed with EndNote software (Table 1) .
A standard form was designed, which included items such as aim or the title of the study, intervention, outcome, variables, journal name, period, and number. The article's contents that were relevant to this study were recorded on the form and entered into the study upon agreement of the researchers involved in this study. Then the plants and the plant-based products that were reported to be effective to treat or reduce symptoms of cancer drug-induced hepatotoxicity were selected. The articles whose full texts were not accessible, studies with non-positive effects, non-English language articles, review articles, and studies that were not related to the purpose of this study were excluded after all researchers in this study agreement was achieved. Fig. 1 illustrates how the articles were selected for final analysis. 
Medicinal plants, compounds and derivatives that effect cancer drug-induced hepatotoxicity
Plants can help reduce hepatotoxicity through various mechanisms (Table 2 ).
There are numerous plant compounds for the treatment of chemotherapy-induced nephrotoxicity in patients that, in addition to protecting the liver against toxic substances, prevent necrosis as well. Plants can help reduce hepatotoxicity through various mechanisms (Table  3) .
Mechanisms of hepatoprotective and antihepatotoxicity properties of medicinal herbs
Phytochemicals can exert their hepatoprotective properties through essential oils, phenyl compounds, monoterpenoids, coumarins, diterpenoids, alkaloids, triterpenoids, steroids, and others. These compounds inhibit oxidative stress-inducing agents, damage to proteins and DNA, and lipid peroxidation, and therefore lead to the formation of highly immunogenic molecules, amplification of the inflammatory response, and induction of necroapoptosis of hepatocytes. Reactive oxygen species (ROS) also contributes to the production of the TGF-β pro-fibrogenic mediator from Kupffer cells and the circulating inflammatory cells and activates hepatic stellate cells directly, which triggers fibrosis (63) . In addition to protecting the liver against anticancer drugs, medicinal plants and plant compounds can also protect the liver against other drugs (64, 65) and toxic substances (66-69) by exerting their antioxidant activity. These natural treatments can also exert anticancer effects themselves by inducing growth arrest and triggering pro-apoptotic death in liver cells (70) . Some plants, such as Lindera obtusiloba, help protect the liver through the IGF-1 and NFκB signaling pathways by inhibiting critical receptor tyrosine kinases that contribute to the progression of human hepatocellular carcinoma (71) . In addition, treatment with phytoestrogen prevents increase in levels of malondialdehyde, nitric oxide, ALT, and AST, and increases the activity of superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase. It also increases levels of glutathione (GSH) and glutathione reductase (GR). Through such mechanisms, they protect against mitochondrial damage and cell apoptosis (32, 36, 72, 73) . Some medicinal plants also exhibit anti-nephrotoxicity properties by inhibiting inflammatory processes (decreasing NFκB-mediated hepatic inflammation) and decreasing cell necrosis (35,74).
At the cellular level, it can be argued that mitochondrial damage is one of the most significant consequences due to the increase of ROS in chemotherapy, which occurs due to structural changes, increased mitochondrial permeability, and reduced mitochondria membrane, which then disrupts normal cell function (75) . But despite the protective and antinecrotic properties, certain medicinal plants or their derivatives at high doses can cause cytotoxicity in liver cells (76, 77) , and in some cases, herbal self-care is used for treating these toxicities (78) . Therefore, the use of medicinal plants should be supervised by a specialist and physician and special measures should be taken for patients with liver disease.
Complications and limitations of medicinal herb use with chemotherapy
Anticancer drugs have major adverse effects through oxidative stress pathways, inflammatory processes, and cell apoptosis. Plants and their derivatives mainly protect the liver against free radicals and inflammatory cytokines.
They can also induce their properties by increasing the content of glutathione and modulating various signal transduction pathways (79) . However, it should be noted that the use of antioxidants and even some herbal extracts for the prevention and reduction of tissue toxicities should be supervised by a physician, and that they should be taken with caution (80). Because studies show that polyphenols in green tea (as a plant with high antioxidant properties) and alkaloids and aristolochic acids in some plants can cause inflammation and nephrotoxicity, these can cause liver dysfunction and apoptosis of normal liver cells (81) (82) (83) (84) . However, because of the numerous side effects of anticancer drugs such as hepatotoxicity, bone marrow suppression, and nephrotoxicity, it is necessary to seek out alternative anti-cancer methods. This alternative method can be use of herbal (85) or chemical drugs.
However, the use of antioxidant compounds with anticancer drugs is still debatable because some studies suggest that excessive use of antioxidant compounds can interfere with the process of chemotherapy and cancer treatment (86) . Other studies have demonstrated the beneficial effects of antioxidants and a decrease in damage to normal cells and complications of chemotherapy by these compounds (87) . Even so, interaction of anticancer drugs with herbal drugs can cause severe impairments in the patient that cause certain problems in the treatment process and the immune system, including nausea and vomiting, alopecia, fatigue, inflammation, peripheral neuropathy and pain (88) , and even in some cases, hepatotoxicity in cancer patients (89) . In addition, herbal medication constituents that exert hepatoprotective activity are poorly absorbed after oral administration; methods that can improve their bioavailability must be developed and active plants must be isolated (63) . It is essential to determine the optimal effective dosage without toxicity in the use of these drugs, because small amounts of antioxidant compounds may not affect the production and control of oxidative metabolites, while excessive use of these plants and their compounds has adverse effects on the anticancer and anti-apoptotic effects of anticancer drugs. However, it is necessary to develop evidence based on human studies to obtain more reliable results regarding the safety and efficacy of herbal drugs in the chemotherapy process. More research must be done to accurately determine the safety and efficacy of potential herb-drug interactions upon concurrent administration.
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